open-channels in laboratories.
5
Since the development of the ADV in the early 90's [8] , numerous studies have been searching for the best ways to set-up the velocimeter parameters in order to get accurate measurements of velocity field in turbulent flows. Lane et al. 
19
Among all these studies, a lack of information can be however identified. In most studies dealing with ADV 20 measurements or processing, the precision in the probe orientation is rarely mentioned. mated the error on the velocity measurements in the bottom boundary layer of a tidal current due to an electromagnetic 31 current-meter misorientation. Roy et al. [30] analysed the effects of such misorientation on the vertical Reynolds shear 32 stress in a gravel bed river and in a laboratory confluence. Trowbridge [31] proposed a method taking into account the 33 surface-waves for measuring the Reynolds stress in the vicinity of shores.
34
The estimation of the error on the mean velocities due the ADV misorientation is straightforward using the clas-
35
sical matrix of rotation [32] . Similarly, the estimation of the error on the vertical Reynolds shear stress is well known 36 [29, 30] . By contrast, the estimation for the components of the Reynolds stress in the horizontal plane is not es-
37
tablished. This paper then aims at evaluating the error on the horizontal components of the mean-velocity and of 38 the Reynolds stress due to a misoriented ADV in the horizontal plane. The error due to the misorientation is first 39 rigorously evaluated through theoretical considerations partly based on previous studies dealing with measurements
Author-produced version of the article published in Flow Measurement and Instrumentation (2013) vol. 34, p.34-41 The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.flowmeasinst.2013.08.002 
Theoretical background

45
In the present paper, we use a Cartesian coordinate system in which x, y and z are respectively the longitudinal, be the ADV coordinate frame (Fig. 1) , with θ the angle made by the ADV coordinate frame with the reference frame
48
(θ > 0 in the counter-clockwise direction and θ = θ(x, y), i.e. without misorientation in the vertical direction).
49
Let then (U 1 , V 1 ) be the instantaneous velocity components measured in the ADV coordinate frame and C the norm of this velocity. In the reference frame, C is obviously unchanged and the so-called "corrected velocity" components (U 0 , V 0 ) can be worked out as:
Using the Reynolds decomposition U = U + u and V = V + v (over-bars: time-averaging, lowercase: fluctuation) and considering that U + u = U, the mean velocities and the fluctuations can be separately rotated, which enables to work out the correlations used for calculating the following components of the horizontal Reynolds stress:
Notice that for transiting from the plane (0, x 0 , y 0 ) to the plane (0, x 1 , y 1 ) replace θ by −θ in Eqs. 1 and 2. This 50 transition can be seen as an other type of misorientation [30] . In order to evaluate the error due to the ADV misalignment with the reference frame, a "fractional error" is analytically determined for each mean velocity component. It writes:
with α = arctan V 1 /U 1 the angle between the streamline and the x-wise axis of the ADV coordinate frame (see equal to E U = cos α − 1. By contrast, the fractional error is nil when θ = 0 or θ = −2α.
-For θ ∈ [−90
• − α ; 90
, E V asymptotically tends to infinity when θ = −α, i.e. when E U reaches its 63 local minimum. E V also asymptotically tends to a local minimum (resp. maximum) when θ = −α − 90 • (resp. Using Eqs. 2, the fractional errors are analytically determined for the horizontal components of the Reynolds stress:
with φ uv0 = u Eqs. 4 are not easy to analyse because of the cosine and sine terms. Nevertheless, as previously observed, a more realistic values for θ is ±2.5
• . As a consequence, considering that
can be linearised so that the fractional errors per degree write
E u 2 /θ and E v 2 /θ (Eq. 5) are plotted with respect to r uv0 for various values of φ uv0 and θ in 
78
As E uv /θ is independent from θ (see in Eq. 5), E uv /θ is plotted with respect to r uv0 for various values of φ uv0 in 
In the following section, the error due to device misorientation is evaluated through experimental data. The The instantaneous velocities were measured using a 2D side-looking micro-ADV (Nortek, Vectrino + ). The sam- [0.8 ; 3.8]) were obtained.
111
Fractional errors
112
In order to estimate the error due to a misorientation of the ADV, we work out the fractional errors of this data-set
113
(1) assuming that the measured data (the raw data) is well oriented in the reference frame (0, x 0 , y 0 ) and (2) imposing 114 an artificial rotation of θ = 2.5
• to this data to obtain the misoriented data in the ADV coordinate frame (0, x 1 , y 1 ).
115
This angle of 2.5
• represents the maximal angle of misalignment by human eyes adjustment (above this angle, the 116 misalignment can be easily detected).
117
The fractional errors are first calculated for the mean velocities using Eqs. 3. Both velocity components are 118 independent from C and E U appears to be within ±5%, while E V can reach several thousands of percent if α = −θ = 119 −2.5 • (Fig. 6 ).
120
The fractional errors for the Reynolds stresses, calculated using Eqs. 4 are then plotted against the cross-correlation remain relatively low. E u 2 ranges from −5.8% to 3.2%, while E v 2 ranges from −10.6% to 14.3%. By contrast, the depth-averaged models) and an error of several tens (or hundreds) of percent is unacceptable. 
Comparison with more classical flows
136
In the previous sub-section, we showed that the fractional errors for the mean velocities only depends on θ and α
137
and is therefore independent from the type of the flow. By contrast, the fractional errors for the Reynolds stresses are 
Type of flow
Authors The parameters φ uv0 and r uv0 were first determined for three types of flow for which the mean velocity gradient mainly Although, the main aims of this paper was to assess the error due to a misorientation of an ADV with respect to 151 the horizontal plane, we also compare these errors with the ones on the vertical plane from data in the literature. As 
153
[30] found an expression for E uw similar to the one of E uv , but none for E u 2 and E w 2 . In Tab. 2, only E uw is therefore 154 presented.
155
The parameters φ uw0 and r uw0 in Tab. 2 were determined with data of four different boundary layers with a mean 6. the spatial averaging of the instantaneous velocity field in the sampling volume.
172
Among these six sources, the five first ones can be corrected by applying the methods described in Hurther and showed that in the rough sub-layer, the uncertainty on the Reynolds shear stress can reach 120%. These orders of 183 magnitude for this uncertainty are similar to the error due to a misorientation of the probe in the flow (Tabs 1 and 2).
184
As a consequence, both error and uncertainty should then be taken into account.
185
In the paper, we have considered that errors due to the probe misorientation and uncertainties listed above were 186 independent from each other. This is actually not the case. Indeed, the error due to the probe misorientation depends 
Conclusion
191
The error due to a misorientation of an Acoustic Doppler Velocimeter in the horizontal plane was estimated on 
